On the fracture toughness of tensile fiber failure in composite structures
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The study of fiber failure in laminated composite structures is critical for their application in
the aerospace industry. This failure mode is significant, for instance, in hole-edge cracking or
notch propagation, as observed in the well-known two-bay crack test on aircraft fuselages. A
key characteristic of this test is that the energy is primarily dissipated not by fiber breakage
itself but by the damage it induces in the surrounding resin.

To investigate this fracture mode, particularly the energy dissipated during crack propagation
—i.e., fracture toughness— it is essential to develop standardized tests. The most widely used
test is the CT (Compact Tension) test [1-3], adapted from tests commonly applied to metallic
materials. This raises a critical question: what is the optimal stacking sequence to evaluate the
ply’s fracture toughness?

To address this question, this presentation employs a test-calculation dialogue based on the CT
test and the Discrete Ply Model (DPM) [4,5] to evaluate this fundamental material property.
Modeling such phenomena requires a model that accounts for the material’s internal length
scale, such as within the framework of crack band theory or phase field model.

Several key aspects of the CT test will be highlighted, including secondary damage,
compression failure commonly observed in carbon/epoxy unidirectional composites delayed by
strain gradient effects, and an apparent reduction in the critical energy release rate due to
structural effects.
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